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(54) Plasma cleaning process for openings formed fin one or more low dielectric constant 
insulation layers over copper metallization Integrated circuit structures 



(57) A process is provided lor removing etch resi- 
dues from one or more openings formed in one or more 
layers of a low dielectric constant insulation material 
over a copper metal interconnect layer of an integrated 
circuit structure which includes cleaning exposed por- 
tions of the surface of the copper interconnect layer at 
the bottom of the one or more openings, the process 
comprising providing an anisotropic hydrogen plasma to 
cause a chemical reaction between ions in the plasma 
and the etch residues in the bottom of the one or more 
opening, including copper oxide on the exposed copper 
surface, to thereby clean the exposed portions of the 
copper surface, and to remove the etch residues without 
sputtering the copper at the bottom of the opening. 



FORMING WITH A RESIST MASK ONE OR 
MORE OPENINGS THROUGH ONE OR 
MORE LAYERS OF A LOW DIELECTRIC 
CONSTANT INSULATION MATERIAL TO AN 
UNDERLYING COPPER INTERCONNECT LAYER 
OF AN INTEGRATED CIRCUIT STRUCTURE 
ON A SEMICONDUCTOR SUBSTRATE 



REMOVING THE RESIST MASK AFTER 
FORMATION OF THE ONE OR MORE 
OPENINGS THROUGH THE ONE OR 
MORE LAYERS OF LOW DIELECTRIC 
CONSTANT INSULATION MATERIAL 



TREATING THE STRUCTURE WITH AN 
ANISOTROPIC HYDROGEN PLASMA, 
WHILE BIASING THE SUBSTRATE, 
TO REMOVE ETCH RESIDUES FROM 
THE ONE OR MORE OPENINGS IN 
THE ONE OR MORE LAYERS OF LOW 
OiaECTRJC CONSTANT INSULATION 
MATERIAL, INCLUDING REMOVAL OF 
COPPER OXIDE FORMED BY R EATON OF 
COPPER WITH MATERIALS USED 
TO REMOVE THE RESIST MASK 



FIG.-1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field tfthe Invention, 

[0001] This invention relates to integrated circuit 
structures. More particularly, this invention relates to a 
process for cleaning etch residues, including copper 
oxides, from openings formed through one or more lay- 
ers of low dielectric constant materials formed over cop- 
per metallization. 

2. Pesppption of the Related Art 

[0002] In the construction of integrated circuit struc- 
tures, dielectric materials such as silicon oxide (S1O2) 
have been conventionally used to electrically separate 
and isolate or insulate conductive elements of the inte- 
grated circuit structure from one another. However, as 
the spacing between such conductive elements in the 
integrated circuit structure have become smaller and 
smaller, the capacitance between such conductive ele- 
ments through the silicon oxide dielectric has become of 
increasing concern. Such capacitance has a negative 
influence on the overall performance of the integrated 
circuit structure in a number of ways, including its effect 
on speed of the circuitry and cross -coupling (crosstalk) 
between adjacent conductive elements. 
[0003] Because of this ever increasing problem of 
capacitance between adjacent conductive elements 
separated by silicon oxide insulation, as the scale of 
integrated circuit structures continues to reduce, the 
use of other insulation materials having tower dielectric 
constants than conventional silicon oxide (S1O2) nas 
been proposed. One such class of material is an organo 
silicon oxide material wherein at least a portion of the 
oxygen atoms bonded to the silicon atoms are replaced 
by one or more organic groups such as, for example, an 
alkyl group such as a methyl (CH 3 -) group. Such organo 
silicon oxide dielectric materials have dielectric con- 
stants varying from about 2.4 to about 3.5 and are. 
therefore, of great interest as low dielectric constant 
substitutes for the conventional silicon oxide (Si0 2 ) 
insulation material. 

[00O4] While the substitution of one or more organic 
groups for some of the oxygen atoms bonded to the sil- 
icon atoms in a silicon oxide insulation material has a 
beneficial effect in the lowering of the dielectric constant 
of the organo silicon oxide material, therefore lowering 
the capacitance between conductive elements sepa- 
rated by such dielectric material, it has been found that 
the bond formed between the silicon atoms and the 
organic radicals is not as stable as the silicon-oxygen 
bond found in conventional silicon oxide (SiOj) materi- 
als. 

[0005] In particular, for example, when the surface 
of such a low dielectric constant organo silicon oxide 



insulation layer is exposed to oxidizing or "ashing" sys- 
tems, which are used to remove a photoresist mask 
from the low dielectric constant organo silicon oxide 
insulation layer, after formation of openings therein, it 

5 has been found that the ashing process results in dam- 
age to the bonds (severance) between the organic radi- 
cals and the silicon atoms adjacent the surfaces of the 
low dielectric constant organo silicon oxide insulation 
layer exposed to such an ashing treatment. This sever- 

10 ance of the organo-silicon bonds, in turn, results in 
removal of such organic materials formerly bonded to 
the silicon atoms along with the organic photoresist 
materials being removed from the integrated circuit 
structure. The silicon atoms from which the organic rad- 

15 icats have been severed, and which are left in the dam- 
aged surface of the low dielectric constant organo 
silicon oxide insulation layer, have dangling bonds 
which are very reactive and become water absorption 
sites if and when the damaged surface is exposed to 

20 moisture. 

[0006] In copending US. Patent Application Docket 
No C3-4302, entitled "PROCESS FOR TREATING 
DAMAGED SURFACES OF LOW DIELECTRIC CON- 
STANT ORGANO SILICON OXIDE INSULATION 

25 MATERIAL TO INHIBIT MOISTURE ABSORPTION", 
which was f fled by two of us with another on the same 
day as this application, and is assigned to the assignee 
of this application, it is proposed to treat such damaged 
sidewalls with either a hydrogen plasma or a nitrogen 

30 plasma. Such a treatment with a hydrogen or nitrogen 
plasma causes the hydrogen or nitrogen to bond to sili- 
con atoms with dangling bonds left in the damaged sur- 
face of the low dielectric constant organo silicon oxide 
insulation layer to replace organo material severed from 

35 such silicon atoms at the damaged surface. Absorption 
of moisture in the damaged surface of the low dielectric 
constant organo silicon oxide insulation layer, by bond- 
ing of such silicon with moisture, is thereby inhibited. 
[0007] However, this problem of potential damage 

40 to the low dielectric constant organo silicon oxide insu- 
lation layer is exacerbated when copper is present as 
the metal interconnect below the via or opening 
because the etchants used to form the openings, and/or 
the chemical cleaning treatments used to either clean 

45 away the etch residues or remove the resist mask may 
also react with any exposed copper surfaces to form 
copper oxides which must be removed from the opening 
(via) prior to filling the opening with electrically conduc- 
tive materials. Copper is sometimes used as the metal 

50 interconnect material (and is therefore present at the 
bottom of the via) because it is a superior electrical con- 
ductor to other metals such as aluminum, tungsten, or 
titanium commonly used as interconnect material in 
integrated circuit structures. Furthermore, the same 

55 desire for faster circuitry which results in the use of tow 
dielectric constant insulation material (to mitigate 
speed-reducing capacitance) also gives rise to the use 
of copper as the interconnect metal so the presence of 
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both copper and low dielectric constant insulation mate- 
rial in the same integrated circuit structures must be 
reckoned with. 

[0008] In the past argon plasmas have been used 
to remove etch residues in openings formed in conven- s 
tional insulation materials such as silicon oxide (S1O2) 
over non-copper metal interconnects. However, the use 
of argon as a cleaning gas may also result in undesira- 
ble sputtering of the underlying copper metal exposed 
by the opening. This, in turn, may result in the depose io 
tion of such sputtered copper on the low k insulation 
sidewalls of the via. Since copper is known to migrate 
into the insulation material (unlike other metals), such 
deposition of copper onto the sidewalls of the via must 
be avoided. It was recently proposed by one of us in is 
Zhao et al. U.S. Patent No. 5.660,682, assigned to the 
assignee of this invention, to use a mixture of hydrogen 
and argon gases for removing etch residues in place of 
the conventional argon plasma, but the potential for 
sputtering of copper by the argon in the argon hydrogen 20 
mixture still remains. 

[0009] It would, therefore, be desirable to provide a 
process for cleaning openings such as vias, trenches, 
etc. . formed in low dielectric constant insulation material 
to remove etch residues, as well as to remove copper 2s 
oxide residues in such openings, without sputtering 
copper onto the exposed surfaces of the low dielectric 
constant insulation material. 

SUMMARY OF THE INVENTION 30 

[001 0] In accordance with the invention, a process 
is provided for removing etch residues from one or more 
openings formed in one or more layers of a low dielec- 
tric constant insulation material over a copper metal 35 
interconnect layer of an integrated circuit structure 
which includes cleaning exposed portions of the surface 
of the copper interconnect layer at the bottom of the one 
or more openings, the process comprising providing an 
anisotropic hydrogen plasma to cause a chemical reac- 40 
tion between ions in the plasma and the etch residues in 
the bottom of the one or more openings, including cop- 
per oxide on the exposed copper surface, to thereby 
clean the exposed portions of the copper surface, and 
to remove the etch residues without sputtering the cop- 45 
per at the bottom of the opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] so 

Figure 1 is a flowsheet illustrating the preferred 
embocfiment of the invention. 

Figure 2 is a fragmentary vertical cross- sectional ss 
view of an integrated circuit structure showing a 
resist mask used to form an opening formed in a 
single layer of low dielectric constant material over 



a copper interconnect layer of an integrated circuit 
structure. 

Figure 3 is a fragmentary vertical cross-sectional 
view of the structure of Figure 2 after removal of the 
resist mask. 

Figure 4 is a fragmentary vertical cross-sectional 
view of the structure of Figure 3 showing etch resi- 
dues, including copper oxide residues, being 
removed by an anisotropic etch using a hydrogen 
plasma. 

Figure 5 is a fragmentary vertical cross-sectional 
view of another integrated circuit structure showing 
a first resist mask used to form an opening in a sili- 
con nitride etch stop layer formed over a first layer 
of low dielectric constant material over a copper 
interconnect layer of an integrated circuit structure. 

Figure 6 is a fragmentary vertical cross-sectional 
view of the structure of Figure 5 after removal of the 
first resist mask showing a second layer of low die- 
lectric constant materia) formed over the silicon 
nitride etch stop layer and a second resist mask 
formed over the second layer of low dielectric con- 
stant material. 

Figure 7 is a fragmentary vertical cross-sectional 
view of the structure of Figure 6 after etching of 
openings through both the first and second layers of 
low dielectric constant material and removal of the 
second resist mask. 

Rgure 8 is a fragmentary vertical cross-sectional 
view of the structure of Figure 7 showing etch resi- 
dues, including copper oxide residues, being 
removed by an anisotropic etch using a hydrogen 
plasma. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The invention comprises a process for 
removing etch residues from one or more openings 
formed in one or more layers of a low dielectric constant 
insulation material over a copper metal interconnect 
layer of an integrated circuit structure which comprises 
providing an anisotropic plasma to cause a chemical 
reaction between ions in the plasma and the etch resi- 
dues, including copper oxide, in the opening to thereby 
remove the etch residues without sputtering the copper 
at the bottom of the opening. 

a. The Embod iment of Fioures 2-4 

[0013) Turning now to Figures 2-4, the process of 
the invention is illustrated in its simplest form wherein a 
via is etched through a single layer of low dielectric con- 
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slant insulation material formed over a copper metal 
interconnect and the resulting etch residues, remaining 
from the formation of the via and the removal of the 
resist mask, are removed without sputtering of the 
underlying copper metal. 

[0014] Figure 2 shows a semiconductor substrate 
2. such as a silicon substrate, having integrated circuit 
structure such as transistors (not shown) formed therein 
with a first insulation layer 10 formed thereon and a cop- 
per interconnect layer 20 formed over first insulation 
layer 10. First insulation layer 10 (which forms no part of 
the present invention) may comprise a conventional sili- 
con oxide (SiCy insulation material or it may comprise 
a low dielectric constant insulation material. Copper 
interconnect layer 20 comprises a conventional pat- 
terned layer of copper which serves as the first wiring 
level of the integrated circuit structure and is selectively 
connected to various contacts on the substrate by con- 
tact openings (not shown) formed through first insula- 
tion layer 10. 

[001 5] Formed over copper interconnect layer 20 is 
a layer 30 of low dielectric constant (low k) insulation 
material. By use of the term "low dielectric constant 
insulation material" is meant an insulation material hav- 
ing a dielectric constant below about 4.0. and preferably 
below about 3.5. Over low k insulation layer 30 is formed 
a thin protective layer 40 of a material such as silicon 
nitride which will serve to protect low k insulation layer 
30 during subsequent removal of resist mask 50 which 
is formed over protective capping layer 40. Protective 
layer 40, which will hereinafter be referred to as silicon 
nitride layer 40, may range in thickness from about 15 
nrn to about 300 run. Resist mask 50 is formed with one 
or more openings therein, illustrated by opening 54 in 
Figure 2. through which low k insulation lay©- 30 (and 
silicon nitride layer 40 thereon) are etched to form via 34 
shown in Figure 2. Silicon nitride layer 40 may typically 
be etched through mask opening 54 using a CHF 3 and 
O2 plasma, while low k insulation layer 30 may be 
etched with a silicon oxide etchant system such as a 
CF 4 and H2 plasma or a CF 4 , C 4 F 8 . and argon plasma. 
[0016] As shown in Figure 2, the etching of low k 
insulation layer 30 to form via 34 can result in the forma- 
tion of some etch residues 36 in via 34 over the copper 
surface of the underlying copper interconnect layer. Fur- 
thermore, as shown in Figure 3, the subsequent 
removal of resist mask 50 may result in further etch res- 
idues 38 in via 34 which may include copper oxide 
formed over the exposed copper surface in the bottom 
of via 34 during the removal of resist mask 50 by reac- 
tion of the resist removal chemicals with such exposed 
portions of copper interconnect layer 20 at the bottom of 
via 34. In any event the exposed copper surface in the 
bottom of via 34 must be cleaned to remove such mate- 
rials, including the copper oxide, prior to filling via 34 
with metal to ensure formation of a good ohmic contact 
between copper interconnect layer 20 and the metal 
used to fDI via 34. 



[0017] Conventionally, when the underlying metal 
interconnect layer was aluminum or some other metal 
(other than copper), the metal surface was cleaned, to 
remove such etch residues and metal oxides, using an 

5 argon plasma. However, such an argon plasma can also 
result in the sputtering of some of the exposed metal at 
the bottom of the via. When this sputtered metal is cop- 
per, the resulting redeposition of the sputtered copper 
onto the via sidewalls can have deleterious effects 

10 because the copper atoms, unlike many other metals 
conventionally used in the construction of integrated cir- 
cuit structures, will diffuse or migrate into the walls of 
the insulation material. Thus, it is important that such 
sputtering of copper be repressed or eliminated. 

15 

b. The Hydrogen Plasma Cleaning Step 

[0018] In accordance with the invention, the 
exposed copper surfaces at the bottom of via 34 are 
20 cleaned to remove oxides and etch residues, including 
copper oxide residues, from via 34 by use of a hydrogen 
plasma wherein the hydrogen in the plasma will chemi- 
cally react with the etch residues, including the copper 
oxide, rather than sputter the underlying copper. To 
25 dean the copper with such a hydrogen plasma, sub- 
strate 2 is placed in a high vacuum chamber where it is 
maintained at a pressure ranging from about 0.1 mD- 
liTorr to about 10 milliTorr, typically about 0.5 miiliTorr, 
and at a temperature ranging from about room temper- 
so ature (20°C) up to about 300°C, and typicaOy about 
150°C. As shown at 6 in Figure 4, a negative rf bias is 
applied to substrate 2 which may range from about -200 
volts up to -400 volts, and typically will be about -300 
volts. This negative bias is conveniently applied to sub- 
35 strate 2 through the substrate support (not shown) upon 
which substrate 2 rests in the vacuum chamber. This 
substrate bias is very important to ensure that the 
hydrogen atoms in the plasma reach the bottom of via 
34, rather than bombard the sidewalls of via 34. That is, 
40 to ensure that the flow of hydrogen atoms in the via is 
anisotropic. This is important since the etch residues, 
and the copper interconnect surface to be cleaned, are 
at the bottom of via 34. 

[001 9] Hydrogen gas is then flowed into the cham- 
45 ber, at a flow rate equivalent to a flow of from about 1 
standard cubic centimeter per minute (seem) to about 
100 seem into a 5 liter vacuum chamber and the plasma 
is then ignited and maintained by a separate conven- 
tional plasma power source which may be maintained at 
so a power ranging from about 20 watts to about 400 watts, 
typically about 300 watts. A small amount of nitrogen 
gas. e.g.. about 100 seem may also be initially flowed 
into the vacuum chamber to facilitate ignition of the 
plasma, but this flow of nitrogen is then shut off as soon 
55 as the plasma is ignited. The substrate is exposed to the 
plasma for a period of time sufficient to remove any 
remaining etch residues 36, as well as copper oxide 
residues 36. from the exposed portion of copper inter- 
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connect layer 20 at the bottom of via 34. Usually the 
cleaning time will range from about 5 seconds to about 
5 minutes, and typically will be about 1 minute. 
[0020] After the cleaning step is completed, the 
cleaned substrate may be moved, preferably under vac- 
uum, to a physical vapor deposition (PVD) chamber 
where conventional processing is then carried out to 
form a via liner and then to fill the lined via with copper. 
For example, a via liner material such as, for example, 
tantalum metal or tantalum nitride may be sputtered 
over the sidewall surfaces of via 34, as well as the 
exposed portion of copper interconnect layer 20 at the 
bottom of via 34. The via may then be filled with copper 
using any conventional filling method. For example, a 
copper seed layer may be sputtered over the finer mate- 
rial in the via and copper may then be plated over the 
seed layer. 

Cleaning 

[0021 ] It should be noted that after formation of via 
34 and after removal of resist mask 50, but prior to the 
cleaning process of this invention, any via sidewalt dam- 
age to the low k insulation material which may have 
been caused either by the via etch or by the removal of 
the resist mask may be repaired by exposing the unbi- 
ased substrate to a hydrogen plasma whereby the 
hydrogen in the plasma will contact and react with the 
damaged low k material, as described and claimed in 
the aforementioned copending U.S. Patent Application 
Docket No. C3-4302, entitled "PROCESS FOR TREAT- 
ING DAMAGED SURFACES OF LOW DIELECTRIC 
CONSTANT ORGANO SILICON OXIDE INSULATION 
MATERIAL TO INHIBIT MOISTURE ABSORPTION". 
This repair step would normally be carried out if the 
above described optional passivation step had not been 
carried out prior to the photoresist mask removal, or if 
the passivation step which had been carried out prior to 
the photoresist mask removal did not result in sufficient 
protection to the via sidewall during the photoresist 
mask removal. 

d. The Errtffljiment frf Rqure$ g-g 

[0022] Turning now to Figures 5-8, the invention will 
be described with respect to its use with a dual layer or 
"dual damascene" type of structure. In this second 
embodiment illustrated in Figures 5-8, wherein like ele- 
ments are labeled with the same numerals, after forma- 
tion of resist mask 50. with representative opening 54 
therein, an opening 44 is etched through silicon nitride 
layer 40, which will permit silicon nitride layer 40 to act 
as a mask as will be descrtoed below. However, first low 
k insulation layer is not etched through opening 54 in 
mask 50 and opening 44 in silicon nitride layer 40. 
Rather, resist mask 50 is then removed, followed by 
deposition of a second low k insulation layer 60 over sil- 



icon nitride mask 40 and the exposed portion of under* 
lying tow k insulation layer 30 through opening 44, as 
shown in Figure 6. 

[0023] A capping layer 70, which may be formed of 

5 the same material and of the same thickness range as 
silicon nitride layer 40, is then be formed over second 
low k insulation layer 60 to protect the upper surface of 
low k insulation layer 60 from the chemicals which will 
be subsequently used to remove a further resist mask. 

10 Second resist mask 80, having a representative mask 
opening 84 shown therein in Figure 6, is then formed 
over silicon nitride capping layer 70. 
[0024] The portion of silicon nitride capping layer 70 
which is exposed through mask opening 84 is then 

is etched through. Following this, exposed portion of sec- 
ond low k insulation layer 60 is then etched through 
opening 84 in resist mask 80 down to silicon nitride 
mask layer 40, and then the exposed portion of underly- 
ing low k insulation layer 30 is etched (during the same 

20 etch step and with the same etchant system) through 
previously formed opening 44 in silicon nitride mask 
layer 40. In this instance, low k insulation layers 60 and 
30 are etched with a silicon oxide etchant system such 
as a CF 4 , C 4 F&. and argon plasma which is selective to 

25 silicon nitride, i.e. an etchant system which will etch the 
low k insulation material in preference to etching silicon 
nitrida 

[04)25] It will be noted that opening 84 in second 
resist mask 80 is much wider that opening 54 in the now 

30 removed resist mask 50. This is because the opening 
formed in second low k layer 60 through mask opening 
84 comprises a part of a trench network formed in sec- 
ond low k layer 60 through mask opening 84 represent- 
ing the copper interconnect which will be formed in this 

35 trench network, while opening 44 in silicon nitride mask 
40 represent the via which is formed through first low k 
insulation layer 30 to connect the copper interconnect 
formed in the trench network to be formed in low k layer 
60 with copper interconnect layer 20 beneath low k layer 

40 30. 

[0026] Resist mask 80 is then removed, leaving 
etch residues and copper oxide 38. as shown in Figure 
7, on the portion of copper interconnect layer 20 
exposed by the newly formed trench 64 and via 34. In 

45 accordance with the invention, such residues are 
removed from the trenches by exposure to the previ- 
ously described hydrogen plasma cleaning step, as 
illustrated in Figure 8, with substrate 2 again shown 
subject to a negative rf bias to ensure the anisotropic 

so flow of the hydrogen plasma atoms to the bottom of the 
trenches, rather than toward the trench sidewalls. The 
result, as also shown in Figure 8. is a dean opening 
comprising trenches and vias which are ready to be 
lined with a metal or conductive metal compound and 

55 then filled with copper, as in the previously described 
embodiment. 
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e. Example 

[0027] To further illustrate the process of the inven- 
tion, two identical silicon substrates can be constructed 
with low k layers 30 and 60 thereon as a part of the inte- 5 
grated circuit structure shown in Figure 7, i.e., with iden- 
tical trenches and vias formed in identical layers of the 2. 
respective structures. One of the structures may then 
be subjected to a conventional argon plasma dean, 
while the other structure is subjected to the hydrogen 10 
plasma dean process of the invention. Both of the struc- 
tures would then be subjected to the same metal fining 
and other processing steps to fill the respective 
trenches and vias in both structures with the same con- 
ductive materials, including further heating steps. If both is 
structures are then vertically sectioned to expose the 
low k insulation material adjacent the sidewalls of the 
trenches and vias, it will be found that copper atoms, 
apparently sputtered by the argon cleaning plasma and 3. 
then redeposited onto the sidewalls of the trenches and 20 
vias, have migrated into the low k insulation material. In 
contrast, in the structure cleaned by the hydrogen 
cleaning plasma of the invention, the low k insulation 
material adjacent the sidewalls of the trenches and vias 
would be found to be free of copper atoms, indicating 25 
that the hydrogen deaning plasma of the invention did 
not sputter copper atoms, and therefore there was no 
redeposrtion of copper atoms onto the sidewalls of the 4. 
trenches and vias to migrate into the low k insulation 
material. so 
[0028] Thus the invention provides a process 
whereby etch residues from openings formed in layers 
of a low dielectric constant insulation materia) over a 
copper metal interconnect layer of an integrated drcurt 
structure can be removed, and exposed portions of the 3S 
surface of the copper interconnect layer at the bottom of 
the openings may be deaned using an anisotropic 5. 
hydrogen plasma which causes a chemical reaction 
between ions in the plasma and the etch residues in the 
bottom of the one or more opening, induding copper 40 
oxide on the exposed copper surface. Exposed portions 
of the copper surface will therefore be cleaned, and the 
etch residues will be removed without sputtering the 
copper at the bottom of the opening, whereby copper is 
not red posited on the sidewall surfaces of the low k 45 
insulation material. 

Claims 

6. 

1 . A process for removing etch residues from one or so 
more openings formed in one or more layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated dr- 
curt structure being formed on a semiconductor 
substrate which includes deaning exposed portions 55 
of the surface of sad copper interconnect layer at 
the bottom of said one or more openings, said proc- 
ess comprising providing a plasma to thereby 



remove said etch residues and to clean said 
exposed portions of said copper surface without 
causing copper to deposit on the side walls of said 
one more openings formed in said one or more lay- 
ers of said dielectric constant insulation materia). 

The process of daim 1 wherein said step of provid- 
ing a plasma to thereby remove etch residues and 
to dean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one more openings further comprises 
providing a plasma capable of deaning said 
exposed portions of said copper surface and 
removing said etch residues without sputtering the 
copper at the bottom of said one or more openings 
formed in said one or more layers of said low cfi elec- 
tric constant insulation material. 

The process of daim 1 wherein said step of provid- 
ing a plasma to thereby remove etch residues and 
to clean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one more openings formed in said one 
or more layers of said tow dielectric constant insula- 
tion material further comprises providing a hydro- 
gen plasma. 

The process of daim 3 wherein said step of provid- 
ing a hydrogen plasma to thereby remove etch res- 
idues and to dean said exposed portions of said 
copper surface without causing copper to deposit in 
the side walls of said one more openings formed in 
said one or more layers of said lew dielectric con- 
stant insulation material further comprises provid- 
ing an anisotropic hydrogen plasma. 

The process of daim 4 wherein said step of provid- 
ing an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation material further 
comprises applying a bias to said substrate to 
assist said anisotropic hydrogen plasma in reach- 
ing the bottom of said one or more openings adja- 
cent said copper surface. 

The process of daim 1 wherein said step of provid- 
ing a plasma to thereby remove etch residues and 
to dean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one more openings further comprises 
causing a chemical reaction to occur between ions 
in said plasma and said etch residues in the bottom 
of said one or more openings formed in said one or 
more layers of said low dielectric constant insula- 
tion material. 
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7. The process of claim 1 wherein said step of provid- 
ing a plasma to thereby remove etch residues and 
to clean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one more openings formed in said one 5 
or more layers of said low dielectric constant insula- 
tion material is preceded by a step of passivation, 
wherein said passivation step comprises treating 
the sidewalls of said one or more openings with a 
plasma selected from the group consisting of nitro- w 
gen plasma, oxygen plasma, and a combination of 
nitrogen and oxygen plasmas. 

8. The process of claim 1 wherein said step of provid- 
ing a plasma to thereby remove etch residues and is 
to dean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one more openings formed in said one 

or more layers of said taw dielectric constant insula- 
tion material, is preceded by a step of repair, 20 
wherein said repair step comprises treating the 
sidewalls of said one or more openings with a 
hydrogen plasma, without applying a bias to said 
substrate. 

25 

9. A process for removing etch residues from one or 
more openings formed in one or more layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated cir- 
cuit structure being formed on a semiconductor so 
substrate which includes cleaning exposed portions 

of the surface of said copper interconnect layer at 
the bottom of said one or more openings, said proc- 
ess comprising provicfing an anisotropic hydrogen 
plasma to cause a chemical reaction between ions 35 
in the plasma and the etch residues in the bottom of 
said one or more openings, including copper oxide 
on said exposed copper surface, to thereby clean 
said exposed portions of said copper surface and to 
remove said etch residues without sputtering the 40 
copper at the bottom of said one or more openings. 

10. The process of claim 9 which further includes 
applying a bias to said substrate to provide said ani- 
sotropic hydrogen plasma which reaches to the bol- 45 
torn of said one or more openings formed in said 
one or more layers of said low dielectric constant 
insulation material adjacent said copper surface. 

1 1 . The process of claim 9 wherein said step of provid- so 
ing an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in sad one or more layers of said 55 
tow dielectric constant insulation material is pre- 
ceded by a step of passivation, wherein said passi- 
vation step comprises treating the sidewalls of said 



one or more openings with a plasma selected from 
the group consisting of nitrogen plasma, oxygen 
plasma, and a combination of nitrogen and oxygen 
plasmas. 

1 2. The process of daim 9 wherein said step of provid- 
ing an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation material is pre- 
ceded by a step of repair, wherein said repair step 
comprises treating the sidewalls of said one or 
more openings with a hydrogen plasma, without 
applying a bias to said substrate. 

13. A process for removing etch residues from one or 
more openings formed in one or more layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated cir- 
cuit structure substrate which includes cleaning 
exposed portions of the surface of said copper 
interconnect layer at the bottom of said one or more 
openings formed in said one or more layers of said 
low dielectric constant insulation material, said 
process comprising: 

a) providing an anisotropic hydrogen plasma to 
cause a chemical reaction between ions in the 
plasma and the etch residues in the bottom of 
said one or more openings formed in said one 
or more layers of said low dielectric constant 
insulation material, induding copper oxide on 
said exposed copper surface, to thereby dean 
said exposed portions of said copper surface 
and to remove said etch residues without sput- 
tering the copper at the bottom of said one or 
more openings; and 

b) applying a negative bias, ranging from about 
-200 volts to about -400 volts, to said substrate 
to urge said anisotropic hydrogen plasma to 
reach the bottom of said one or more openings 
adjacent said copper surface. 

14. The process of daim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
tow dielectric constant insulation material, is pre- 
ceded by a step of passivation, wherein said passi- 
vation step comprises treating the sidewalls of said 
one or more openings with a plasma selected from 
the group consisting of nitrogen plasma, oxygen 
plasma, and a combination of nitrogen and oxygen 
plasmas. 
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15. The process of claim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues and to dean said exposed 
portions of said copper surface without causing 
copper to deposit in the side wails of said one more s 
openings formed in said one or more layers of said 
low dielectric constant insulation material, is pre- 
ceded by a step of repair, wherein said repair step 
comprises treating the sidewails of said one or 
more openings with a hydrogen plasma, without 10 
applying a bias to said substrate. 

16. The process of claim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 15 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation material, is fol- 
lowed by a step of physical vapor deposition to form so 
a via liner on at least the sidewails of said one or 
more openings. 

17. The process of claim 16 wherein said step of phys- 
ical vapor deposition to form a via liner on at least 25 
the sidewails of said one or more openings formed 

in said one or more layers of said low dielectric con- 
stant insulation material further comprises deposit- 
ing tantalum on at least the sidewails of said one or 
more openings. 30 
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